Introduction {#sec0005}
============

Entomophthoramycosis, caused by fungi from the order Entomophthorales, is a known tropical fungal infection typically causing gastrointestinal or subcutaneous truncal and limb lesions in immunocompetent hosts. The organism is described as a commensal in the intestinal tracts of various insects, wood lice, frogs and small reptiles, and has been isolated from decaying vegetation and animal feces \[[@bib0005]\].

Two previous cases have been described in the Top End region of the Northern Territory of Australia, with other reports from tropical regions of Asia, Africa, North and South America \[[@bib0010], [@bib0015], [@bib0020], [@bib0025], [@bib0030], [@bib0035], [@bib0040], [@bib0045], [@bib0050], [@bib0055], [@bib0060], [@bib0065]\]. The literature includes unusual presentations of *Basidiobolus* spp. causing intrabdominal obstructive lesions of the gastrointestinal and renal tracts ([Table 1](#tbl0005){ref-type="table"}). Due to the rarity of disease, recognition of the microbiological and histopathological features can be challenging.Table 1Summary of published case reports and series of *Basidiobolus* spp infections, clinical presentation, treatment and outcome.Table 1ReferenceYearCountryAge (years)/ SexSite of InfectionSurgeryAntifungal therapy/ route/ durationOutcomevan den Berk GEL2006The Netherlands61 MGastrointestinalColonoscopy, hemicolectomyAmphotericin BdeceasedSingh R2008India11 FNasal cavity with extension into ethmoid, maxillary sinuses and extradural extensionNasal and sinus endoscopy with biopsyUnknownLost to follow-upAnand M2010India3 MSkin- thighExcisionPotassium iodide/oral/1 week then Itraconazole/oral/6 monthsComplete resolutionEzzedien Rabi M2011South Arabia25 FGastrointestinal, intramural colonic massSubtotal colectomy, jejunal loop resection, ileosigmoid colostomyItraconazole/ oral/ unknown durationComplete resolutionAl Jarie A.2011Saudi Arabia6 MGastrointestinal, intrahepaticBiopsy onlyAmphotericin B then\
Itraconazole/oral/ unknownComplete resolution13 FGastrointestinal\
Recurrence of intrabdominal massLaparotomy and mass resection\
Hemicolectomy and ileocolic anastomosis for recurrenceInitially declined antifungal therapy\
Recurrence treated with Amphotericin B then itraconazole/ oral/ 12 monthsComplete resolution8 FGastrointestinalBiopsy and cholecystojejunostomyAmphotericin B then\
Itraconazole/ oral/ 18 monthsComplete resolution8 MNasopharyngeal airway including maxillary and ethmoid sinusesBiopsy\
Tracheostomy due to upper airway reconstructionAmphotericin B then\
Itraconazole/ oral/ 12 monthsComplete resolution10 MPulmonaryBronchoscopy and biopsyAmphotericin B then\
Voriconazole/ unknown/ unknownComplete resolutionGordon CL2012Australia53 MRight leg with inguinal lymphadenopathySkin biopsy, lymph node excision biopsyItraconazole/ oral/ 12 months\
Terbinafine/ oral/ 12 monthsComplete resolution5 MRight chest wall skin lesionSkin biopsyFluconazole/ oral/ unknown durationLost to follow-upJayanth ST2013India58 FSkin soft tissue, right gluteal regionExcisionPotassium iodide/ oral/ 6 monthsComplete resolutionRose SR2013United States of America67 MGastrointestinalBiopsy, debulkingFluconazole (unknown duration) Posaconazole/ oral/ 12 monthsComplete resolutionZabolinejad N2014Iran3 MGastrointestinalLaparotomy and resectionPosaconazole/ oral/ 3 months; then\
Itraconazole/ oral/ 12 monthsComplete resolutionAlbaradi BA2014Saudi Arabia11 MGastrointestinalBiopsy onlyVoriconazole/ oral/ 12 monthsComplete resolutionSaka B2017Togo5 MSkin over buttock, back and right flankBiopsyKetoconazole/ oral/ 8 weeksComplete resolutionBrun LVC2018Benin3 FSkin- right flankExcisionNone knownComplete resolution43 MSkin- lower limbExcisionNone knownDeceased unknown cause3 MSkin- lower limbBiopsyNone knowndeceased

Here we present a third case in the Top End taking the opportunity to review the literature and discuss diagnostic challenges and recommended clinical management for this unusual tropical pathogen.

Case report {#sec0010}
===========

A 4-year old girl from a remote community 950 km south-east of Darwin was transferred to a tertiary hospital with fever and painful swelling on the right lateral aspect of the abdominal wall. This had begun as a carbuncle-like lesion with a black center and had become progressively larger over several months. She was previously well with no significant past medical history and was on no regular medications. Her vaccinations were up to date as per the Australian National Immunization Schedule.

On arrival, she was febrile and physical examination revealed a woody, firm right-sided abdominal wall induration extending from the right flank anteriorly to the anterior midline, and into the suprapubic region. This was irregularly shaped and tender, with no discernible warmth on palpation. An ultrasound examination demonstrated the lesion to measure 7 × 2.5 × 6 cm in the subcutaneous layer, superficial to the abdominal wall musculature. There was no drainable fluid collection. She was commenced on empirical intravenous flucloxacillin for presumed cellulitis. Her initial full blood count showed a white cell count of 15000 cells/μL, normal range: 4000--11000 cells/μL, eosinophils 200 cells/μL (0--400 cells/μL), haemoglobin 8.4 g/dL (11−14 g/dL), platelet count 586000 cells/μL (150000--450000 cells/μL) and C-reactive protein (CRP) 8.92 mg/dL (0.0--5.0 mg/dL). Renal and liver function tests were within normal limits for age. Blood cultures and streptococcal serology were sent.

An initial tissue biopsy was taken on Day 1 of admission with no macroscopic pus found on surgical exploration. Gram stains were negative for bacterial and fungal elements and Ziehl-Nielson stains were negative for acid-fast bacilli. Bacterial, mycobacterial and fungal cultures were all negative in the first 48 h. Initial histopathology reported non-specific chronic eosinophilic panniculitis without granulomatous reaction. Despite empirical antibacterial therapy, the patient continued to spike high fevers up to 39 °Celsius and her CRP peaked at 16.7 mg/dL on day 11 of admission. Her abdominal wall lesion continued to enlarge, increasingly warm and tender on examination. Two further surgical debridement and tissue biopsies were performed on days 6 and 10 of admission. On Day 4 of incubation on Sabouraud dextrose agar at 30⁰C; one flat, radially folded grey colony was observed. With further incubation an off-white powdery mycelium became apparent, along with small satellite colonies surrounding the primary colony. This demonstrated the germinating conidia being forcibly ejected from the primary colony. This is typical of fungi from the Entomophthorale*s* group.

Microscopic examination showed large irregular, non-septate hyphae with numerous smooth, round, thick- walled zygospores possessing a distinct beak-like appendage characteristic of *Basidiobolus* species ([Fig. 1](#fig0005){ref-type="fig"}.A, B, C). Histopathology revealed characteristic Splendore-Hoeppli phenomenon on haematoxylin and eosin (H&E) staining, consisting of granulation tissue surrounding short or long, broad, ribbon-type sparsely septated hyphae, surrounded by eosinophils, lymphocytes and giant cells ([Fig. 2](#fig0010){ref-type="fig"}.A--B). There was no evidence of angioinvasion on histological specimens.Fig. 1A) This wet preparation mount is showing sporangiophore containing terminal sporangia which is forcibly discharged, a characteristic feature observed in *Basidiobolus* species. B) This lactophenol cotton blue stain is showing the same sporangiophore. C) Lactophenol cotton blue stain demonstrating the characteristic beak-like appendage of a thick-walled zygospore. D) Conidia may be primary or secondary.Fig. 1Fig. 2A and B) Histopathology with H&E stain is demonstrating the Splendore-Hoeppli phenomenon which is describing the intense eosinophilic inflammatory surrounding the ribbon-like hyphae which are sparsely septated.Fig. 2

Broad-spectrum antifungal therapy with liposomal amphotericin B (5 mg/kg daily) was commenced, then changed to intravenous voriconazole after 24 h due to immediate hypersensitivity reaction causing lip and throat swelling. The patient defervesced within 24 h of commencing antifungal treatment, with marked improvement in skin induration, warmth and tenderness over 2 weeks of intravenous voriconazole therapy (9 mg/kg 12 hourly for 1 week, then 6 mg/kg every 12 h for 1 week). There were no significant adverse effects noted while on voriconazole.

The patient was discharged home with oral itraconazole (5 mg/kg daily) and completed a total of 6 weeks of combined antifungal therapy. She had complete resolution of the abdominal wall induration by the end of treatment, and her surgical scars were well healed.

The fungal isolate was referred to the National Mycology Reference Laboratory in South Australia, where 18 s sequencing confirmed *Basidiobiolus* species.

Discussion {#sec0015}
==========

Entomophthoramycosis derives its origin from Greek meaning "insect destroyer" and refers to the ubiquitous nature of the spores in nature. Due to the zoonotic nature of the *Basidiobolus* and *Conidiobolus* genera, these were separated from their previous phylum of Zygomycota (since renamed). The newly created phylum Entomophthoromycota now comprises Basidiobolomycetes (*Basidiobolus* spp.), Neozygitomycetes (*Neozygitis* spp.) and Entomophthoromycetes (including *Conidiobolus* spp., *Completoria* spp., and *Entomophthora* spp.) \[[@bib0075]\].

*Basidiobolus ranarum* was first described by Eidam in 1886 from frog excrement (1886) \[[@bib0005]\]. Since then, *Basidiobolus microspores, B. lacerate, B. haptosporus* (1947) and *B. meristosporus* (1956) have all been described as part of the *B. ranarum* species. Genomic sequencing analysis published by Henk and Fisher (2012) estimated the *B. ranarum* genome to be approximately 10 times larger than the average fungal pathogen at 700 Mb \[[@bib0090]\]. The authors postulate that *B. ranarum* may have mechanisms that favor the preservation of functional genes which overlap.

Both *Basidiobolus* and *Conidiobolus* spp. are thermophilic fungi and are commonly found on the skin of insects or animals in warm and humid environment \[[@bib0095]\]. Reported amongst the most aggressive pathogens of insects, *Basidiobolus* spp. invade the whole insect body, at which point amphibians and reptiles acquire the fungus by insect ingestion. They are only occasional human pathogens, with acquisition via insect bites to the skin or by minor trauma.

In humans, *B. ranarum* typically causes subcutaneous infections involving the trunk, buttock, thigh and perineal areas. This is in contrast to *Conidiobolus* spp. which cause rhinoentomophthoramycosis involving the nasal and paranasal mucocutaneous tissues \[[@bib0085]\]. Gastrointestinal infections have also been described, leading to subacute or chronic obstruction, as well as renal tract obstruction. Infection can form slow-growing bulky tumors mimicking malignancy, often requiring surgical procedures to relieve obstruction or mass effect \[[@bib0010], [@bib0015], [@bib0020], [@bib0025], [@bib0030], [@bib0035], [@bib0040], [@bib0045], [@bib0050], [@bib0055], [@bib0060], [@bib0065]\]. Other infectious differential diagnoses include sporotrichosis, actinomycosis, non-tuberculous *Mycobacterium* infection, invasive mucormycosis and cutaneous filariasis. However, the finding of angioinvasive disease in the setting of fungal growth can help confirm the diagnosis.

Diagnosis of *Basidiobolus* infection is typically by microbiological culture with associated typical histopathological features. Our wet mount preparation with lactophenol cotton-blue stain found the characteristic beaked-spores on fungal microscopy ([Fig. 1](#fig0005){ref-type="fig"}.A and B). Two types of asexual conidia were observed: primary and secondary. The primary form of conidia was globose and single celled, being forcibly discharged from the swollen region of the sporophore just below the conidium. The sporophores releasing the secondary form of conidia did not possess a swollen area, indicating the conidia were being passively released. These secondary forms of conidia were clavate and single celled with a typical knob-like adhesive tip at their apex ([Fig. 1](#fig0005){ref-type="fig"}.D). The secondary conidia act as sporangia where further sporangiospores may be produced.

On histopathological examination, the Splendor-Hoeppli phenomenon on H&E stains describes the unique pattern of inflammatory reaction charioting the fungal hyphae. The palisading and charioting of eosinophils around the ribbon-like hyphae can also be interspersed with multinucleated giant cells ([Fig. 2](#fig0010){ref-type="fig"}A & B). This is also seen in other fungal infections such as *Coccidioides immitis*, *Sporothrix schenckii* and those that cause mycetoma \[[@bib0070]\].

In 1999, Guarro and colleagues showed in-vitro susceptibility in 9 isolates of *Basidiobolus* spp. to amphotericin B, fluconazole, flucytosine, itraconazole, ketoconazole and miconazole by a broth microdilution method. All the *Basidiobolus* isolates demonstrated low minimum inhibitory concentrations (MICs) to the azole agents which were in contrast to the *Conidiobolus* species in the same study, which showed high MICs against all antifungals tested ([Table 2](#tbl0010){ref-type="table"}).Table 2Antifungal susceptibility of *Basidiobolus species* (9 isolates) and *Conidiobolus species* (8 isolates) \[[@bib0080]\].Table 2Geometric mean MICs (mg/L) (range)Amphotericin BFluconazoleFlucytosineItraconazoleKetoconazoleMiconazole*Basidiobolus* spp2.7 (0.5--16)14.8 (2--128)165.9 (64--256)1.8 (0.25--32)1.0 (0.25--4)3.9 (0.5--8)*Conidiobolus* spp3.1 (0.5--8)107.5 (32--128)234.6 (128--256)11.3 (0.25--32)20.7 (4--32)11.3 (4--16)

Previous case reports ([Table 1](#tbl0005){ref-type="table"}) describe resolution through treatment with antifungals and without surgical intervention in isolated subcutaneous lesions only \[[@bib0035]\]. Our patient underwent several surgical debridement procedures, not only for diagnosis but as a source control measure due to persistent high fever, pain, and increasing inflammatory markers.

The literature describes 3 fatal cases of *Basidiobolus* infections amongst the 19 cases described in [Table 1](#tbl0005){ref-type="table"}. Two of the patients described were from a Buruli-ulcer endemic area and both had progressive disease without antifungal therapy, although cause of death was not directly attributable to the *Basidiobolus* spp. infection \[[@bib0065]\]. The third patient had a severe obstructive bowel lesion as well as a hepatic lesion and died of septic shock despite commencing broad-spectrum antifungal therapy prior to deterioration \[[@bib0010]\].

Conclusion {#sec0020}
==========

*Basidiobolus* spp. are rare but important causes of fungal infection in the tropics which can present in a number of ways ranging from a slow-growing mass in the subcutaneous soft tissue to an invasive mass in the gastrointestinal tract. Diagnosis by fungal culture and histopathological examination is crucial to provide early diagnosis. Early antifungal therapy and appropriate surgical intervention generally achieves good curative rates.
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